shows an example of cross-sectional high-resolution tunneling electron microscopy (TEM) images for the Co2MnAl films grown on GaAs (001) by molecular beam epitaxy. In good agreement with RHEED and XRD patterns, the TEM images confirmed the epitaxial growth and single-crystalline texture of the L21-Co2MnAl films. The (111) and (002) 
shows an example of cross-sectional high-resolution tunneling electron microscopy (TEM) images for the Co2MnAl films grown on GaAs (001) by molecular beam epitaxy. In good agreement with RHEED and XRD patterns, the TEM images confirmed the epitaxial growth and single-crystalline texture of the L21-Co2MnAl films. The (111) and (002) Figure S2(a) shows the magnetoresistance (MR) curves at 2 K for the L21-Co2MnAl films with different Ts. In consistence with that at room temperature, each MR curve shows a dip at zero field and peaks at ~ ± 15 kOe due to the anisotropic MR. The high-field MR which is linearly dependent on external magnetic field (H) also occurs at 2 K, excluding spin wave scattering as its source as magnons are unlikely to be excited at such low temperature. From Fig. S2(b) , one can clearly see that all these films get saturated in magnetic moments along film normal when the applied fields exceeds 15 kOe, which is in consistence with the MR curves peaking at ~ ± 15 kOe. This also indicates that the anisotropic MR should not be responsible for the high field MR that linearly scales with field.
